Background and Purpose-Despite well-documented discrepancies in many clinical conditions across insurance groups, limited research has examined insurance-related disparities for patients with stroke. This study examined the relationship between insurance status and hospital care for patients with stroke. Methods-Discharges with intracerebral hemorrhage and acute ischemic stroke were abstracted from the 2002 National Inpatient Sample. Neurologic impairment status and mortality were examined. Results-Compared with privately insured patients, uninsured patients had a higher level of neurologic impairment, a longer average length of hospital stay, and higher mortality risk. For patients with intracerebral hemorrhage and acute ischemic stroke, mortality risk of uninsured patients was approximately 24% and 56% higher, respectively, than that of their privately insured peers. Conclusions-Policy should promote access to outpatient and preventive care for uninsured patients so risk factors such as hypertension can be detected and treated during early, asymptomatic stages. Further research is needed to evaluate the extent to which differences in outcomes are attributable to differences in severity level on admission.
L ack of health insurance has increasingly become problematic for Americans. 1 The percentage of uninsured, nonelderly Americans has grown steadily from 16.1% (39.6 million) in 2000 to 17.8% (46.5 million) in 2004. 1 When one also considers those who are underinsured, 35% of adults (61 million) between the ages of 19 to 64 are either uninsured or underinsured. 2 Given the magnitude of this problem, it is no surprise that lack of health insurance is now the top health policy story. 3 Health insurance coverage serves as an enabling indicator reflecting the degree of financial and social barriers that impede access to health services and positive outcomes. 4, 5 Discrepancies in hospital care across insurance subgroups have been widely documented demonstrating that unfavorable health insurance status contributes to reduced access to high-quality care and increased likelihood of poor outcomes. 6, 7 Substantial empiric evidence indicates that uninsured patients are less likely to receive needed care and experience poorer outcomes than other patients. 6,8 -10 Despite widely documented discrepancies associated with many clinical conditions across insurance subgroups, few studies have examined insurance-related disparities in outcomes of patients with stroke. Stroke is the third leading cause of death in the United States accounting for 162 672 deaths in 2002 and the leading cause of long-term disability.
The cost of treating stroke was estimated at $56.8 billion in 2002, of which approximately $35.0 billion was directly related to medical treatment. 11 Recent national data show there are approximately 960 000 hospital discharges related to hospital admissions for stroke, among which uninsured patients experience higher in-hospital mortality than patients with insurance. 12 We examined disparities in neurologic impairment status and outcomes of patients with stroke across different insurance groups with a special focus on comparisons between the uninsured and those covered by private insurance. Both patterns of care for hemorrhagic stroke and patterns of care for acute ischemic stroke were analyzed to provide a comprehensive picture of stroke care patterns and outcomes across different insurance groups.
Methods

Data
We abstracted adult discharges from the 2002 National Inpatient Sample representing 20% of hospital stays from community hospitals in the nation. Based on principal diagnosis International Classification of Diseases, 9th Revision codes, we selected 2 broadly defined types of acute stroke, hemorrhagic stroke and ischemic stroke. We also evaluated care patterns for those admitted with carotid artery occlusion representing a diagnosis not necessarily indicative of acute stroke. For analysis of hemorrhagic stroke, we used code 431 representing intracerebral hemorrhage as the principle diagnosis code. To analyze patterns of care for acute ischemic stroke, we included all patients with a principle diagnosis of code 434 representing occlusion of the cerebral arteries or code 436 representing acute but ill-defined cerebrovascular disease because literature shows that codes 434 and 436 provide reasonably accurate representations of acute stroke. 13, 14 In addition, we conducted a separate analysis looking at code 433.1 to determine the likelihood of receipt of carotid endarterectomy when carotid artery occlusion was the presenting diagnosis.
We applied several exclusion criteria. First, we excluded transient cerebral ischemia from our analysis because by definition, a transient cerebral ischemia resolves within 24 hours and therefore does not lend itself to a meaningful evaluation of differences in outcomes. Then, we excluded discharges that were transferred to another hospital to avoid double counts in the National Inpatient Sample data. Finally, we excluded discharges with any secondary diagnostic codes that were likely to be associated with potentially confounding clinical conditions (see Table 1 ). Those conditions may represent unique circumstances that are not typical of stroke, including conditions related to vasculitis, trauma, and other relatively rare secondary causes of stroke or stroke-like symptoms. To obtain the national total estimate, original case weights in the National Inpatient Sample data set were reweighted by multiplying an adjuster equal to the total weight of original cases divided by total weights after the exclusions. 15 A final sample consisted of 9137 adult discharges (age Ն18) with intracerebral hemorrhagic stroke and 63 500 adult discharges with occlusion of cerebral arteries or ill-defined stroke both representing acute stroke and 18 050 discharges with carotid artery occlusion, whereas the weighted numbers for the three types were 64 152, 421 882, and 148 989, respectively.
Measures
We categorized insurance status as Medicaid, uninsured, privately insured including HMO/prepaid health plans, Medicare, and other insurance categories (ie, Worker's Compensation, CHAMPUS, CHAMPVA, Title V, and other government programs). To apply the national sample weight in the analysis, Medicare discharges and discharges with other insurance categories were not excluded in the analysis, but only results of Medicaid, uninsured, and privately insured patients are reported.
Response variables included neurologic impairment status and inhospital mortality, all of which were dichotomous variables. Using paralysis and coma as increasingly severe and hierarchical indicators of neurologic impairment, we compared the level of neurologic impairment as a severity measure. If a discharge had coma recorded, it was considered the most severe degree of neurologic impairment and therefore inclusive of paralysis. Less severe forms of neurologic impairment, aphasia and lethargy, were eliminated from the analysis because few patients presented with these findings in the absence of more severe impairment. We also examined hospital mortality because stroke has relatively high in-hospital mortality.
Statistical Analysis
We conducted multiple logistic regression. For all response variables, if a variable was not a "common event" (frequency Յ10%), we used OR to approximate risk ratio because the 2 ratios are close. If a variable was a common event (frequency above 10%) in which the OR can be sizably larger than the risk ratio, we converted the OR to risk ratio. 16 A set of covariates were controlled through multivariate analysis. First, we controlled for comorbid conditions by including Agency for Healthcare Research and Quality comorbidities (eg, congestive heart failure, depression, diabetes, and hypertension) to reflect nonneurologic clinical conditions. 17 Because hypertension is a key risk factor associated with treatment and outcome of stroke, 18 it was included in the multivariate models regardless of its statistical significance.
We controlled for sociodemographics, including age, sex, race, and median income level. For the purpose of expanding age to a meaningful interval, we divided age into 5 categories: 18 to 44, 45 to 54, 55 to 64, 65 to 74, 75 to 84, and 85 or older. Race/ethnicity was categorized as white, black, Hispanic, Asian/Pacific Islander, other racial categories, and race recorded as missing value (when race was not reported). The median income by zip code of patient's residence was divided into 4 levels: Յ$25 000, $25 000 to $34 999; $35 000 to $44 999, and Ն$45 000.
Finally, we controlled for hospital characteristics such as hospital stroke volume (the number of stroke discharges in 2002), hospital bed size (small, medium, and large), as defined by the Healthcare Cost and Utilization Project, 19 teaching hospital status, urban/rural location, as defined by the American Hospital Association (metropolitan area means urban and nonmetropolitan area means rural), and geographic region (Northeast, Midwest, South, and West).
To account for the clustering of hospital discharges that the National Inpatient Sample contains, we used the SAS-9 SURVEYFREQ, SURVEYMEANS, and SURVEYLOGIST procedures to perform data analyses. When the analyses were conducted, the sample weights were further adjusted for the exclusions mentioned earlier.
Therefore, all estimates presented in the text and tables were weighted to represent national population totals. Table 2 compared unadjusted sociodemographic and hospitalization characteristics of Medicaid, uninsured, and privately insured patients. For the 3 groups, uninsured patients were the youngest followed by Medicaid patients, whereas privately insured patients were the oldest. Although younger, both Medicaid patients and uninsured patients showed more severe neurologic impairment status than their privately insured counterparts. Among patients with intracerebral hemorrhage, percentages of patients with coma were 8.1%, 8.4%, and 7.3% for Medicaid, the uninsured, and the privately insured, respectively. Furthermore, unadjusted mortality was the highest among uninsured patients (34.7%) followed by Medicaid patients (28.0%) and the privately insured (28.2%). Among patients with acute ischemic stroke, mortality was 6.0%, 5.3%, and 4.4% for uninsured patients, Medicaid patients, and privately insured patients, respectively. To account for potential differences associated with a higher likelihood of privately insured patients receiving the procedure on an elective basis, we evaluated patients with the primary diagnosis code of 434 or 436 indicating acute stroke combined with code 433.1 representing stenosis or occlusion of the carotid artery and the procedure code for carotid endarterectomy. As Table 4 shows, we found that very few patients received carotid endarterectomy (less than 3% of the Other specified leukemia 207
Results
Leukemia of unspecified cell type 208
Ascorbic acid deficiency 267
Other nutritional deficiencies 269
Coagulation defects 286
Purpura and other hemorrhagic conditions 287
Diseases of white blood cells 288 Other diseases of blood and blood-forming organs 289
Intracranial and intraspinal abscess 324
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Other diseases of the spinal cord 336
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Angina pectoris 413
Other forms of chronic ischemic heart disease 414
Acute pulmonary heart disease 415 total patients with both codes received carotid endarterectomy), although a much higher percentage of those with only code 433.1 received the procedure as shown in Table 2 .
Discussion
This nationally representative study demonstrated that uninsured patients had the highest mortality risk for both types of acute stroke (ischemic and hemorrhagic) and were the youngest among the 3 insurance groups. The mortality risk of uninsured patients was 24% to 56% higher than that of their privately insured peers for acute hemorrhagic and acute ischemic stroke, respectively. In addition, uninsured patients with acute ischemic stroke had the highest risk for the most severe neurologic impairment status, coma, among the 3 insurance groups. Differences in both age and severity levels seem to be an indication of inadequate access to preventive services, creating greater vulnerability among the uninsured population, which is consistent with other findings that lack of health insurance is associated with unrecognized risk factors for stroke and increased overall risk for decline in health status. 20 -22 Greater levels of neurologic impairment among the uninsured may also be caused or exacerbated by lack of access to preventive ambulatory care during which chronic risk factors for stroke (eg, hypertension and hypercholesterolemia) may be detected and controlled. 23, 24 Furthermore, being uninsured may create stress or other hazards that make patients less likely to adhere to medication and lifestyle modification (eg, smoking cessation, low-sodium diet, and physical activities) to control chronic risk factors for stroke. 22, 25, 26 Probably because of the fact that primary intracerebral hemorrhage is associated with high mortality, 27 we did not observe differences in severe neurologic impairment status (eg, coma) across health insurance status. Nevertheless, with its high case mortality rate among patients (32.3% in our sample), the relative risk of mortality for the uninsured was approximately one fourth higher than that of the privately insured. Because clinical interventions for hemorrhagic Other diseases of spinal cord 336
Old myocardial infection 412
Angina pectoris 413
Acute pulmonary heart disease 415 Venous complications in the pregnancy and puerperium 671
Obstetric pulmonary embolism 673
Toxic effect of noxious substances eaten as food 988
Complications affecting specified body systems, not classified elsewhere 997 stroke are rather limited, higher mortality among the uninsured might be the result of lack of control of comorbidities and risk factors in ambulatory settings before the onset of stroke. 25 Patients who are able to recognize stroke symptoms as serious tend to arrive at the hospital more promptly, and enhanced access to ambulatory care tends to be associated with increased awareness of health risk factors. 20, 26, 28 The finding of higher frequencies of receipt of carotid endarterectomy in the absence of acute stroke symptoms supports the idea that privately insured patients are more likely to undergo primary or secondary prevention in the absence of acute symptoms. Further studies are warranted to investigate whether uninsured patients with stroke have prolonged delays before hospital arrival and/or greater illness severity on arrival than their peers. The low frequency of receipt of endarterectomy among patients with acute stroke symptoms as opposed to those without such symptoms suggests this procedure was much more likely to be performed electively among the privately insured patients and supports the concept that access to preventive care (eg, primary or secondary prevention related to performance of carotid endarterectomy in the absence of acute symptoms) is higher among the privately insured as compared with the uninsured.
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Disparities in neurologic impairment status and mortality between patients with Medicaid and privately insured patients existed in some cases but to a lesser degree than disparities between uninsured patients and privately insured patients.
Our findings demonstrate that the uninsured group was the most vulnerable of the 3.
This study had limitations. First, the National Inpatient Sample data did not allow us to examine postdischarge outcomes (eg, 30-day, 60-day, or 180-day mortality). In addition, clinical information such as vital signs and initial severity to hospital arrival was not available. Despite these limitations, our findings consistently indicate that the uninsured had significantly worse clinical outcomes than the privately insured for both hemorrhage stroke and acute ischemic stroke.
Public policy should promote access to outpatient and preventive care for uninsured patients so that risk factors such as hypertension and hyperlipidemia can be detected and treated during early, asymptomatic stages. These risk factors are known to contribute to racial disparities in outcomes and are likely to be operative in insurance-related disparities. Further research is needed to assess initial severity of stroke on hospital arrival across health insurance status as well as the potential for delayed presentation to the hospital arrival after onset of stroke symptoms for the uninsured. 
